The geometric structure of 3-fluoro-4-fomylphenylboronic acid (3-4FPBA) molecule were investigated with DFT/B3LYP/6-311++G(d,p) level. The FT-IR and FT-Raman spectra were recorded for the title molecule. Theoretical wavenumber and Mulliken charges were also calculated by using the same method and compared theoretical wavenumber with experimental wavenumbers (FT-IR and FT-Raman) which have a good agreement. Furthermore, electronic structure properties of in the title molecule such as HOMO-LUMO and Molecular Electrostatic Potential (MEP) were investigated by TD-DFT method.
INTRODUCTION
Boronic acids and their derivatives have an important place among the compounds due to their wide use. Boronic acids are naturally absent, but have been in the literature since 1860 [1] . Boronic acids and their derivatives have many applications in the field such as material science, analytical chemistry, medicine, biology, catalysis, organic synthesis and crystal engineering [2] .
Biomedical applications of boronic acid-containing polymers and biological applications of specific dichlorophenylboronic acids have been investigated [3] [4] [5] . Half of the boronic acids are incorporated into nucleosides and amino acids as antiviral agents and anti-tumor [6] . In addition, derivatives of biologically important compounds have been synthesized as antimetabolites for possible attack against cancer [7] [8] [9] .
Phenylboronic acid is a compound that is soluble in most polar organic solvents. Phenylboronic acids are a versatile building block in organic synthesis. It is an important intermediate in the synthesis of active compounds in the pesticide and pharmaceutical industry [10] . Boronic acids, such as phenylboronic acid, are known to inhibit lipase (enzyme) acids [11] . This property of phenyl boronic acids has been used to disrupt epithelial barrier function to enhance the absorption of topically applied active agents [12] . Boric acid and certain phenyl boronic acids are some betalactamase inhibitors. Phenyl boronic acids have been shown to be effective against beta-lactam antibioticresistant bacteria as a consequence of Porin mutation [13, 14] .
The infrared spectrum of phenylboronic acid was obtained by Fanniran and Shurvell in 1968 [15] . Crystal structure was first described by Retting and Trotter in 1977 with the x-ray diffraction method [16] . In the literature, no studies have been found on the structural and vibrational spectroscopy of 3-4FPBA molecules.
In this study, molecular geometric parameters, vibrational modes, HOMO-LUMO, MEP and Mulliken charge quantum chemical DFT / B3LYP method and 6-311G ++ (d,p) basis set of 3-4FPBA molecules were obtained and interpreted.
EXPERIMENTAL DETAILS
The 3-4 FPBA molecule was 97% pure from Across Organics and powder samples were supplied. Molecular FT-IR and FT Raman spectra were recorded 1886 Sakarya University Journal of Science, 22 (6), 1886-1892, 2018. "Emine Babur Şaş, Mustafa Kurt Characterization of 3 fluoro-4-formylphenylboronic acid molecule with density functional teory…" at 4000-400 cm -1 and 3500 -10 cm -1 regions. The FT-IR spectrum was obtained from a Perkin Elmer BX spectrometer using the KBr disc technique. The Dispersive Raman spectrum was also obtained using a Bruker RFS 100 / S FT-Raman instrument using a 1064 nm stimulated YAG laser.
COMPUTATIONAL DETAILS
All calculations in this study were performed with the Gaussian 09 program [17] , DFT / B3LYP / 6-311G ++ (d,p) basis set [18, 19] . By optimizing the molecule with this basis set, the molecular geometrical parameters, vibrational frequencies were calculated. In order to approximate the calculated vibration frequencies to the experimental vibration frequencies, these frequencies were multiplied by the scaling factor taken from certain references.
The molecular electrostatic potential surface (MEP) was demonstrated and evaluated in 2D and 3D dimensions, with a map showing the electron density of a molecule. The temperature capacity, entropy and enthalpy values were investigated for the different temperatures of the title molecule (100K-700K).
RESULTS

Geometric Optimization
The crystal structure of the working molecule is not present. Thus, the optimized molecule was compared to similar molecules [20, 21] . The 3-4FPBA molecule consists of a benzene ring, a group C = OH and a group B(OH)2. First, the possible four conformation of the 3-4FPBA molecule was determined by the orientation of the group B (OH) 2 and was named C1, C2, C3 and C4. The determined conformations were divided into new conformations according to the orientation of the oxygen atom in the C = OH group, and these conformations were named C1A, C2A, C3A and C4A. The conformation with the lowest energy was determined by calculating the energies of eight determined conformation. All conformations of the molecule are shown in Figure 1 and the energy values of conformation are given in Table 1 . The calculation results show that C3 conformation is the lowest energy conformation of the 3-4 FPBA molecule and the lowest energy structure is shown in Fig 1. All data calculated for the molecule were made using this conformation.
First, the C3 conformation is optimized and the source [20] of the single molecule is given in Table 2 together with experimental X-ray data and the like molecule [21] to compare the geometrical parameters (bond lengths and angles) of this conformation. The bond lengths of the molecular boronic acid and the phenyl ring are compatible with each other as shown in Table 2 . However, there are slight differences between the theoretical and experimental results. These differences can be attributed to the fact that theoretical calculations are made with the molecular gas and the experimental calculations are made with the solid state of the molecule.
The bond lengths indicated by the maximum deviation (deviation) of the 3-4FPBA molecule are the C-H bonds, which depend on the phenyl ring. The maximum deviation at the bond angles is seen at bond angle B12-O13-H16. The difference in these geometric parameters (bond angle and bond length) may be due to the intramolecular interaction of the fluorine atom and the boronic acid group attached to the phenyl ring.
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Vibration spectra
In the C3 conformation, 3-4FPBA molecules with C1 symmetry group have 18 atoms and 48 fundamental vibrations. Wavenumbers are calculated according to this conformation in the basis set of 6-311G ++(d,p) and are given in Table 3 "Emine Babur Şaş, Mustafa Kurt Characterization of 3 fluoro-4-formylphenylboronic acid molecule with density functional teory…"
The O-H strenght vibration is observed in boronic acids, usually close to 3300-3200 cm -1 . This band was found to be 3467 cm -1 in FT-IR for 2-fluorophenylboronic acid [24] [23] . Vargas and colleagues in the boron complexes deposited the band 1370 cm -1 as the B-O stretching vibration band [29] . A symmetric strenght vibration at 1327 cm -1 in the 3-4FPBA molecule was calculated. These modes are theoretically calculated at a range of 1400-1350 cm -1 [30] [31] [32] .
The C-H stretching vibration in the phenyl ring is observed in the range of 3000-3100 cm -1 , which is characteristic for these vibrations [29] . In this study, C-H stretching vibrations were calculated at 3038-3072 cm -1 , and this vibration was observed at 3072 cm -1 in FT-Raman and 3219 cm -1 in FT-IR. These bands are 100% pure bands.
Frontier molecular orbital analysis
The HOMO-LUMO orbital energies and energy difference, called frontier molecule orbitals (FMO), were calculated using the TD-DFT method in the basis set of 6-311++G(d,p). The difference between the HOMO-LUMO energy values is an important parameter in determining the energy range, the electrical properties of the molecule. 
energy required to pass from the most stable core state in the molecule to an excited state [33] . The HOMO energy for the 3-4 FPBA molecule was calculated as -7.50 eV, the LUMO energy was -2.67 eV, the HOMO-LUMO energy difference was 4.83 eV, and it is given in Fig 4. In this graph, the red color is the positive phase and the green color is the negative phase. While the HOMO orbitals are concentrated in the ring, the LUMO orbitals are concentrated in the entire structure except hydrogen atoms.
Some parameters can be calculated using HOMO and LUMO energy values for a molecule. Chemical hardness, electronegativity and electrophilic index values in 3-4FPBA molecules were also calculated and given in Table 4 . Intramolecular charge transfer of molecules with high chemical hardness values is low [34] 
4 Molecular Electrostatic Potential (MEP)
Molecular electrostatic potential (MEP) is a surface map showing the electron density of a molecule. A computational technique that is often used to determine effects such as nucleophilic reactions and electrophilic attack in a molecule. Reactants with a high tendency to give electrons when entering or exiting a reaction are called nucleophiles, while those with high tendency to take electrons are called electrofilms.
Nucleophilic and electrophilic reactions are displayed in different colors on the MEP surface map. The red color observed on this map has a negative potential, that is, blue and green colors showing electrondonating reactions show positive regions, that is, electron-withdrawing reactions. According to these results on the MEP surface map, the positive potential region (blue color) is around hydrogen and hydrogen atoms, while the negative potential region (red color) concentrates on electronegative atoms. Figure 5 as 3D surface. The highest positive potential in the molecule is around the hydrogen atom in the O-H group, with the most negative potential around the C = O double bond oxygen atom. In this case, the H atom contains a strong electron attractor and the O atom contains strong electron repulsion reactions.
Mulliken atomic charges
Mulliken charge give a qualitative picture of a molecular population distribution [35] . However, this distribution does not fully reflect the electronegativities of each element. In some cases, an orbital can give a negative electron population, or an orbital can calculate more electrons than one. These depend strongly on the basis set used. Atomic charges are also used to define the molecular polarity of molecules [36] . The Mulliken charges distribution method is widely used despite some shortcomings. Mulliken charges experimental results are often used to make a qualitative set of estimates [37] . The Mulliken atomic charges of the 3-4FPA molecule were calculated using the DFT/B3LYP method and the basis set of 6-311++G(d,p) and in given Fig. 6 . The values of the Mulliken atomic charges of the molecule are compared in Table 5 with 3-FFPA and FBA it is given.
In all of the molecules that are compared, the atom of bromine leads to the redistribution of the electron density. The C2 atom in the phenyl ring of the 3-4 FPBA molecule has a more positive value than the 3-FFBA molecule. The C2 carbon atom's Mulliken charge is so high from other molecules that it can originate from the group of the formula linked to that atom (C = OH). In the 3-FFBA and 3-4FPBA molecules, the fluorine-bonded (C-F) C3 atom has the most negative charge in the ring. This is because the electronegativity due to the halogen group of the fluorine atom is a high atom. 
DISCUSSION
In conclusion, conformation of 3-4 FPBA molecule was determined and geometric optimization was done for lowest energy conformation. After the optimization, the vibrational spectra of the molecules were investigated experimentally and theoretically and these values were compared. The electronic properties of the molecule (HOMO-LUMO and MEP) were then looked at, and the calculations revealed that the electrophilic and nucleophilic reactions took place around which atoms. Calculated and experimentally obtained values were compared and it was seen that the fit between them was good.
